Introduction
Pubertal development signals the beginning of adolescence and it is characterized by rapid physical growth, large increases in hormonal levels, and the appearance of secondary sexual characteristics (Petersen & Taylor, 1980 in Dubas, Graber, & Petersen, 1991 . It is a period of visible physical changes, such as adolescent growth spurt, breasts enlargement (i.e. thelarche), pubic hair development (i.e. pubarche) and axillary hair development (i.e. adrenarche) and the onset of menarche (i.e. first menstruation). The growth spurt, i.e. the peak development in girls starts, on average, at around the age of 9 and stabilises around the age of Pubertal development in high-level rhythmic gymnasts stage of growth and sexual maturation of the individual athlete (Theodoropoulou et al., 2005) . Depending on the specificity of training, biological maturation undergoes changes, delaying or advancing the process of biological development (Pinto Júnior, de Sousa, Gaya, & Henriques Alves, 2012) . The pubertal development in girls active in high-intensity rhythmic gymnastics (RG) is slower than in untrained girls (Tillmann et al., 2014) . RG, with the variety of exercises, affects the whole locomotor system and develops motor skills quite effectively (Lanaro Filho & Böhme, 2001 ). All those motor skills depend on the metabolic support system, central nervous system, and many other systems which can be affected by biological maturation. According to the study conducted by Hespanhol, de Arruda, Prates, and Mathias (2008) , biological maturation is a factor that directly influences the cognitive and motor development of children and young people, enabling them to perform more complex tasks with greater dexterity. Young people, particularly those who are in the maturational pubertal stage experience difficulties in making standard refined movements for which their growth spurt is to blame due to the direct influence it has on the motor pattern execution (Gallahue & Ozmun, 2005; Linhares et al., 2009) .
The term performance refers to determining the physical form, technique and psychological strength with maximum efficiency that one gymnast or a group can acquire. Optimal performance is the result of a complex interaction of several factors (Claessens, Lefevre, Beunen, & Malina, 1999) , and the growth and maturity characteristics of an athlete, to a large extent, affect their performance (Georgopoulos et al., 1999; Malina, Bouchard, & Bar-Or, 2004; Pinto Júnior et al., 2012) . The main question that this study deals with is: how well can rhythmic gymnasts' (RGs) performance be predicted from pubertal development parameters? The aim of this study was to evaluate pubertal development in young high-level RGs of different age categories and to determine its potential influence on the performance scores.
Methods Participants
One hundred and twenty-six RGs, divided into five age categories (22 beginners, aged 7-9 years; 38 intermediate, aged 9-12 years; 26 advanced, aged 12-14 years; 25 juniors, aged 14-16 years; 15 seniors, aged 16 years and older), volunteered to participate in this crosssectional study. All of the participants are individual competitors at national and/or international level in the "A" and "B" program (Table 1) , with their training experience ranging from 6 months to 14 years, and with 10 to 16 hours of training per week.
Ethical considerations
The study protocol was approved by the Ethics Committee of the Faculty of Sport and Physical Education, University of Niš, . Written requests were promptly sent to the Expert Committee of the Gymnastics Federation of Montenegro, as well as to the Gymnastics Federation of Serbia, and, after being informed about the study, its scientific value and multiple benefits, and after informed consents were signed by gymnasts, i.e. their legal representatives, approvals were given for the testing to be conducted during the 6 th Montenegro Cup in 2013 (Budva, Montenegro), and during the 2014 National Championships (Belgrade, Serbia). All testing was performed in accordance with the ethical standards of the Helsinki Declaration (World Medical Association, 2002) .
Measures and procedures
The first testing was conducted at the end of June 2013 in Budva (Montenegro), when 42 internationallevel gymnasts were tested. During the 2014 National coefficient, b -regression coefficient, p -statistical significance] was used to ascertain which of the pubertal development parameters had independent value in predicting the success rate in RG performance. The level of statistical significance was set at α < .05.
Results
The baseline characteristics of the sample in total, as well as the subsamples (age categories) are presented in Table 2 . The descriptive statistics data of the subsamples' and total sample's pubertal development parameters are presented in (Table 3) showed absence of normal distribution of almost all data in every age category, except the breast development of the advanced RGs (p = .09) and length of period since menarche in the group of seniors (p = .54). The distribution of pubertal development according to chronological age is shown in Table 3 . Mean values, based on cross-sectional individual data obtained at the time of examination, which represent the chronological age at a certain stage of pubertal development, are as follows: breast Tanner stage II (n = 16) occurred at the age of 11.51 ± 1.13; stage III (n = 32) occurred at age of 14.32 ± 1.62 (Range: 11.38-18.95 years); stage IV (n = 16) occurred at age of 16.44 ± 2.07 (Range: 13.4-20.34 years), and stage V was established only in the case of one senior gymnast (17.58 years). The reported age of axillary hair development is as follows: Tanner stage II (n = 46) occurred at age of 15.07 ± 2.09 (Range: 11.38-20.34 years); stage III (n = 5) occurred at age of 14.11 ± 1.68 (Range: 12.7-16.66 years); stages IV and V were not recorded in this sample of RGs.
Multiple regression analysis revealed the existence of significant influence of the RGs' pubertal development on the dependent variable (Success) only when considering the sample in total [R = .37, R² = .14, Championships held in Belgrade (Serbia) on October 25 th and 26 th , the second testing was performed and it included 84 Serbian gymnasts. Both competitions were organized under the FIG rules for the current Olympic cycle (2013) (2014) (2015) (2016) .
The study protocol included a non-invasive clinical investigation as well as the interviewing of the participants, and all the measurements and other data were taken by the authors. The parameters evaluated in the clinical investigation included body height and body mass measurements as well as the assessment of pubertal development. The Martin anthropometer was used to obtain the RGs' body height (in cm), while body mass (in kg) and body mass index (BMI, in kg/m 2 ) were assessed with a tetrapolar bioelectrical impedance device, Omron BF511 (Omron, Kyoto, Japan). RGs' pubertal development was estimated by a somatoscopy, i.e. Tanner method (Tanner, 1962) , which implied the participants' self-assessment: standardized figure drawings depicting Tanner's sexual maturation stages of breast development were shown to the participants, and they were asked to rate it (from B1 to B5, where B1 is prepuberty, B2 to B4 is puberty, and B5 is postpuberty). Data on RGs' age, menarche (in years), axillary hair development (from AH1 to AH3, where AH1 is prepuberty, AH2 is puberty, and AH3 is postpuberty) and years of training experience were collected by the means of interviewing the participants.
The criterion, i.e. dependent variable, was the participant's competitive/performance score (Success), which can range from 0.0 to 20.0 points, according to the Code of Points (Fédération International de Gymnastique, 2013) . Given the present differences between the five age categories (the youngest gymnasts do only exercise without apparatus) and "A" and "B" program requirements ("A" gymnasts do exercise with four apparatus, and "B" only with two), it was necessary to "equalize" the gymnasts. Therefore, in order to define the optimal criterion variable, the participant's performance score was the calculated mean value of the total of the points scored in the competition.
Statistical analysis
The data analysis was performed using the IBM SPSS software (Version 21.0; IBM, Armonk, NY, USA). Descriptive statistics (Mean, SD, Range) were summarized for all variables. Normality was tested using the one-sample Kolmogorov-Smirnov test (K-S). A multiple regression analysis [R -multiple correlation coefficient, 
Discussion
Considering the number of body systems that must interact (musculoskeletal, cardiovascular, respiratory, nervous, etc.), it is not surprising that athletic performance is one of the most complex and the most investigated human traits (Purenović-Ivanović, Popović, Bubanj, & Stanković, 2016) . However, when considering sports such as rhythmic gymnastics, body composition is one of the most important factors which influences RGs' athletic performance (Borrione et al., 2013) . Namely, it is well known that RG is a discipline which requires RGs to be in good shape and to maintain a thin body type with the lowest possible body fat content. On the other hand, highly intense physical training, chronic stress, nutritional factors, as well as low body weight, and/or low body fat are established factors that could alter menstrual function (Georgopoulos et al., 1999; di Cagno et al., 2012) . The detrimental effects of these factors have been proven and it is well known that they influence all aspects of puberty, Note. BMI = body mass index; K-S (sig.) = significance of Kolmogorov-Smirnov test. *Absence of normal distribution (significant at p = .05).
including the initiation of pubertal development and its progression from Tanner stage II to Tanner stages IV and V as well as menarche (Theodoropoulou et al., 2005) . It is clearly demonstrated that RGs exhibit a moderate but significant delay in pubertal development (Georgopoulos et al., 2002 (Georgopoulos et al., , 1999 (Georgopoulos et al., , 2001 ). Nevertheless, low body weight and the intensity of training remained the most predictive factors in triggering the onset of puberty in RGs. It is widely considered that biological maturity influences physical fitness test performance, and children can be advantaged or disadvantaged in physical fitness tests by being more or less mature than their peers. In the study of Pinto Júnior et al. (2012) pubescent RGs achieved better results in the tests of lower and upper limb explosive strength, which the authors from the study of C. D. Silva, Goldberg, Teixeira, and Marques (2004) attributed to menarche, believing that its presence might be one of the reasons for achieving the best performance in the strength tests of the upper limbs, probably due to an increased lean body mass (Gaya, Gonçalves da Silva, Cardoso, & Torres, 2002) , and the increased recruitment of motor fibers (Júnior, Medeiros, Queiroz, & Sousa, 2007 in Pinto Júnior et al., 2012 D. A. S Silva & Oliveira, 2010; Veldre & Jürimäe, 2003) . On the other hand, in the study of Jones, Hitchen, and Stratton (2000) it was concluded that sexual maturity had a large influence on physical fitness measurements in boys but without such strong influence in girls. Ré et al. (2005) found that young in earlier maturational stages had a significant advantage in the measurements involving conditional capacities. All these facts mentioned above led us to the potentially important factor which could influence RGs' athletic performance, and that was pubertal development. Namely, since RGs are at risk of developing pubertal development irregularities and since there is an absence of studies aiming to determining a possible influence that pubertal development could have on their successfulness or relations to their performance, we saw the necessity of examining this issue in more detail.
Adrenarche, the production of adrenal androgens, generally occurs 1-2 years before the other hormonal changes of puberty (Warren & Perlroth, 2001 ). However, the time of thelarche (breast development) and adrenarche (pubic and axillary hair development) are found nearly coincident in the study of Theodoropoulou et al. (2005) , but variations are possible and they do occur (Frota & Pioner, 2010) . In our study there was a discrepancy between Tanner stage II of thelarche (11.51 ± 1.13 years) and adrenarche (15.07 ± 2.09 years), which can be assigned to the fact that axillary instead of pubic hair development was examined. The delayed onset of breast and hair development is mainly influenced by low body weight (Theodoropoulou et al., 2005) , but there are exceptions: in the study of Warren (1980) a delayed thelarche and a normal pubarche (pubic hair development) were found in ballet dancers although they were under high-energy drain and low diet intake. This implies that independent mechanisms are involved in triggering these aspects of pubertal development (Theodoropoulou et al., 2005) . When speaking about the influence of thelarche and adrenarche on RGs' performance, significant relations were found (r = .334 and r = .367, respectively; p < .05), as well as the individual contribution of adrenarche to the prediction of Success, in the group of advanced RGs only (p = .03), with positive relationship between this independent variable and the dependent one. When speaking about RGs' breast development, the delay in the development was noticeable just as the fact that it was strongly influenced by the level of competition (the higher level of competition, the more delayed was thelarche). Along with thelarche and adrenarche delay, menarche is known to be delayed in girls who start high intensity training before puberty (Lindholm, Hagenfeldt, & Ringertz, 1994) . That is why late menarche is common among female athletes such as rhythmic gymnasts (Ávila-Carvalho, Klentrou, da Luz Palomero, & Lebre, 2012; Ávila-Carvalho, Klentrou, da Luz Palomero, & Lebre, 2013; Georgopoulos et al., 2002; Georgopoulos et al., 1999; Klentrou & Plyley, 2003; Theodoropoulou et al., 2005) and no wonder 29.81% of the current RGs (older than 9 and younger than 16) were amenarcheal. Moreover, considering the fact that the mean age of recalled menarche was 13.57 ± 1.18 years (the youngest age of menarcheal gymnast was 11.5 and the oldest one 16), and almost one third of the tested RGs were at that time still amenarcheal, the final mean age of recalled menarche was expected to be much higher than the present recorded one. When comparing this study results with previously reported values of menarcheal age, what can be noticed is that the higher the competition level, the later the menarche onset occurred, and that causal relation has been confirmed so many times so far (Warren & Perlroth, 2001) . Even though, the significant influence of the menarche, i.e. length of period since menarche, on the RGs performance is missing, the significant relation cannot be denied (r = .201, p = .02).
In terms of energy deficit combined with a reduction in adipose tissue, estrogen production is decreased and breast development and menarche are delayed. Those two factors, plus sports activity, are strong enough to influence pubertal development, sexual maturation, and its major event, the menarche (Georgopoulos et al., 1999; Frota & Pioner, 2010) . Actually, all sportsrelated parameters such as low body weight and low body fat independently contribute to the delay in pubertal progression (Georgopoulos et al., 2001) . Namely, the earlier onset of training, the greater intensity of training and the increased number of competitions per year (i.e. elite level competitors) lead to a more pronounced delay in all aspects of pubertal development.
Conclusion
This study investigated the extent to which the pubertal status influenced RGs' performance scores, and the major findings were: 1) statistically significant influence (p < .001) of the gymnasts' pubertal development parameters on the Success, and 2) statistically significant (p = .03) independent contribution of axillary hair development to the prediction of Success in the group of advanced RGs. The results of this study indicate that RGs' athletic performance can be predicted by parameters of pubertal development, but not that well (it explains the Success by 14% of variance), and RGs' axillary hair development is marked as significant predictor of RG performance (with a positive relationship), but only in the group of advanced RGs. This could be due to the fact that the advanced RGs are the group of gymnasts that exhibited the earliest entry into puberty, i.e. the group with the youngest menarcheal age (12.33 ± 0.77 years), in comparison to the other older age categories: juniors (13.55 ± 1.19 years) and seniors (13.99 ± 1.02 years), and due to the fact that they just reached the pubertal peak. However, in the group of senior RGs, which 15 out of 15 girls were in puberty at the time of the research, the regression analysis revealed a negative relationship of all of the three examined pubertal development parameters with the performance scores, which could indicate that late maturation is desirable in RG.
To our knowledge, this is the first study examining the influence of rhythmic gymnasts' pubertal development on their performance scores. Also, this research takes into account every single age category, which is very important because such data are lacking, and it encompasses a representative sample of elite nonSerbian and top-level Serbian RGs. However, certain shortcomings of this study need to be pointed out. First, the cross-sectional design is limiting, and longitudinal studies are needed to fill in the gaps in knowledge related to sexual maturation and RGs' performance, whether observed pubertal development parameters' influence is maintained or gained during pubertal growth. Furthermore, the limitation is that by necessity we had to use self-reported rather than objective data of recalled menarche, breast and axillary hair development. Finally, the sample size is relatively small, and our data concern only high-level RG. of Montenegro, the organizer of the 6 th Montenegro Cup 2013, the participating rhythmic gymnasts and coaches of the following RG clubs: "Allegro" (Banja Luka, Serbia), "Baltic flower" (Jelgava, Latvia), "Budva" (Budva, Montenegro), "Danilovgrad" (Danilovgrad, Montenegro), "Partizan" (Belgrade, Serbia), "Ryazan" (Ryazan, Russia), "Sinegoria" (Moscow, Russia), "Vijandi Sports School" (Vijandi, Estonia) and "Vladimir" (Vladimir, Russia). The authors would also like to extend their deepest gratitude to the Gymnastics Federation of Serbia and its esteemed president Mrs. Milena Reljin Tatić, the organizer of the 2014 National Championship, the rhythmic gymnasts and coaches of Serbian RG clubs: "Gymnastix" (Niš), "Palilula" (Belgrade), "Paraćin" (Paraćin), "Radnički" (Belgrade), "Ritam" (Belgrade), "Ritam-Pinki" (Belgrade), "Ritmix" (Novi Sad), and "TiM" (Belgrade), who made this study possible.
